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OBJECTIVES To study the relationship between coronary angiography and in-hospital mortality in patients
undergoing emergency surgery of the aorta without a history of coronary revascularization or
coronary angiography before the onset of symptoms.
BACKGROUND In the setting of acute ascending aortic dissection warranting emergency aortic repair,
coronary angiography has been considered to be desirable, if not essential. The benefits of
defining coronary anatomy have to be weighed against the risks of additional delay before
surgical intervention.
METHODS Retrospective analysis of patient charts and the Cardiovascular Information Registry (CVIR)
at the Cleveland Clinic Foundation.
RESULTS We studied 122 patients who underwent emergency surgery of the aorta between January
1982 and December 1997. Overall, in-hospital mortality was 18.0%, and there was no
significant difference between those who had coronary angiography on the day of surgery
compared with those who had not (No: 16%, n 5 81 vs. Yes: 22%, n 5 41, p 5 0.46).
Multivariate analysis revealed that a history of myocardial infarction (MI) was the only
predictor of in-hospital mortality (relative risk: 4.98 95% confidence interval: 1.48–16.75,
p 5 0.009); however, coronary angiography had no impact on in-hospital mortality in
patients with a history of MI. Furthermore, coronary angiography did not significantly affect
the incidence of coronary artery bypass grafting (CABG) during aortic surgery (17% vs. 25%,
Yes vs. No). Operative reports revealed that 74% of all CABG procedures were performed
because of coronary dissection, and not coronary artery disease.
CONCLUSIONS These data indicate that determination of coronary anatomy may not impact on survival in
patients undergoing emergency surgery of the aorta and support the concept that once
diagnosed, patients should proceed as quickly as possible to surgery. (J Am Coll Cardiol
2000;35:889–94) © 2000 by the American College of Cardiology
The debate regarding the need for coronary angiography
before emergency repair of the thoracic aorta has intensified
due to improved ability to noninvasively diagnose aortic
dissection and aneurysm rupture (1–3). Arguments in favor
of coronary angiography are that if a patient has critical
coronary stenoses necessitating coronary artery bypass grafts
(CABG): 1) it could be done while on cardiopulmonary
bypass (CPB) during aortic repair, and, perhaps more
compelling, 2) unknown critical coronary stenoses during
CPB could increase the risk of difficult CPB weaning,
perioperative myocardial infarction (MI) or death. The
main argument against coronary angiography before surgical
intervention is the inherent delay associated with the pro-
cedure, which increases the risk of cardiac tamponade or
aortic rupture, the main causes of preoperative mortality in
patients with type A aortic dissection (4). Further compli-
cating the decision to implement coronary angiography in
the preoperative management of patients with a type A
aortic dissection is that coronary angiography in a patient
with aortic dissection can take more time than in elective
circumstances (5) and may be complicated by difficult access
and the increased risk of aortic rupture and dissection due to
instrumentation of the diseased aorta.
Patients with aortic dissection have a significant inci-
dence of coronary artery disease (CAD). Creswell et al. (6)
demonstrated that 35% of patients with acute type A
dissection who underwent coronary angiography had at least
one lesion with .50% narrowing resulting in 50% of these
patients undergoing CABG at the time of emergency aortic
repair. In an autopsy study, Larson and Edwards (7) found
chronic CAD in 22% (27 out of 121) of patients with type
I or II aortic dissection.
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Kern et al. (8) and Rizzo et al. (1) have presented their
respective institutional experience on the effect of defining
coronary anatomy on survival in patients undergoing urgent
repair of the thoracic aorta. In a series of 54 patients with
either type A or type B aortic dissection diagnosed by
aortography, Kern et al. (8) found a potential survival
benefit of preoperative coronary angiography in those pa-
tients with type A dissection and a significant clinical
history suggestive of CAD (mortality angiography [n 5 5]
versus no angiography [n 5 11], 0% vs. 37.5%). In a study
of 37 patients with acute type A dissection, Rizzo et al. (1)
demonstrated no significant benefit from coronary angiog-
raphy, and, in fact, found angiography to be associated with
increased mortality due to aortic rupture during the delay to
surgical intervention. They further showed that, in patients
taken directly to surgery after noninvasive diagnosis of type
A dissection (n 5 19), there were no deaths due to aortic
rupture or complications of CAD.
In this study, we investigated the relationship of preop-
erative coronary angiography and in-hospital mortality in
122 patients, without a history of open heart surgery or
coronary angiography, who underwent emergency repair of
the thoracic aorta between 1982 and 1997 at one tertiary
institution.
METHODS
Patient population. The Cardiovascular Information Reg-
istry (CVIR) is a database containing clinical and laboratory
information on consecutive patients undergoing cardiotho-
racic surgery at the Cleveland Clinic Foundation (CCF).
We queried this database for all patients undergoing emer-
gency surgery between January 1982 and December 1997.
From this cohort, we identified patients with either type A
aortic dissections or aortic aneurysms with impending rup-
ture requiring emergency surgical repair. Data regarding
coronary risk factors (family history of CAD at ,60 years of
age, current tobacco use, current therapy for diabetes,
history of hypertension or history of hypercholesterolemia:
total cholesterol .200 mg/dL or on lipid lowering therapy),
preoperative electrocardiogram (ECG) and type of surgery
and survival status were obtained.
Statistics. All statistics were performed using SPSS version
8.0.0 for Windows (SPSS, Chicago, Illinois). Univariate
comparisons of categorical and continuous variables were
made using chi-square analysis or Fisher’s exact test and
Student t test, as appropriate. Statistical significance was
defined at the ,0.05 level, using two-tailed distributions.
Multivariate analysis was performed using logistic regres-
sion with mortality as a the dependent variable and age (per
decade), greater than two cardiac risk factors, coronary
angiography status and history of MI (defined as history of
MI or Q waves on ECG) as covariates. For stepwise entry
the probability had to be ,0.05 and for removal .0.10.
RESULTS
We identified 2,191 patients who underwent emergency
cardiothoracic surgery between January 1982 and December
1997. Of these, 232 patients had surgical procedures for
which a priori knowledge of the coronary anatomy might
have been beneficial. We then obtained operative reports to
identify those patients who underwent surgical intervention
primarily due to life threatening conditions of the aorta,
including aortic dissection and impending or already rup-
tured aortic aneurysms (Table 1). This process excluded
those patients who underwent emergency surgery for con-
ditions such as endocarditis, CAD or iatrogenic complica-
tions from cardiac catheterization. We then eliminated all
patients who had prior cardiac or aortic surgery, as well as
those patient who had coronary angiography before the
onset of symptoms. Our final study group consisted of 122
patients who underwent emergency repair of the aorta
predominately due to acute type A dissections (Table 1).
We divided this group into those who had coronary angiog-
raphy the day of surgery (n 5 41) and those who had not
(n 5 81). The demographics of these patients are displayed
based on coronary angiography status (Table 2) and in-
hospital death (Table 3). There were no significant differ-
ences in clinical characteristics between those who did or
did not have their coronary anatomy defined preoperatively.
The only significant difference in clinical characteristics
between survivors and nonsurvivors was that nonsurvivors
had a higher incidence of prior MI, but not Q-waves on
ECG.
There was no significant difference in in-hospital mor-
tality in those patients whose coronary anatomy had been
defined before surgery (Fig. 1; Yes: 22% vs. No: 16%, p 5
0.46). We determined in-hospital mortality in different
subgroups (Table 4). There was no significant difference in
mortality among patients classified by coronary angiography
status with $2 risk factors for CAD or history of MI based
Abbreviations and Acronyms
CABG 5 coronary artery bypass graft
CAD 5 coronary artery disease
CPB 5 cardiopulmonary bypass
ECG 5 electrocardiogram
MI 5 myocardial infarction
RR 5 relative risk
Table 1. Distribution of Diagnoses for Which Emergent Repair
of the Aorta was Undertaken
Postoperative Diagnosis Number
Type A aortic dissection 105
Rupture aortic root aneurysm 8
Rupture aortic arch aneurysm 5
Rupture proximal descending aorta 4
Total 122
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on clinical history or ECG. Patients with a history of MI
who had angiography on the day of surgery had a trend
toward better survival than similar patients with undefined
coronary anatomy.
Our data demonstrate no significant increase in in-
hospital mortality in patients who received CABG (n 5 30)
at the time of emergency aortic repair compared with those
who did not (Fig. 2; No CABG 16% vs. CABG 23%, p 5
0.41). Furthermore, by reviewing the operative notes, we
determined that 74% of CABG were performed because of
involvement of the coronary artery in the aortic dissection,
particularly in the group without preoperative coronary
angiography (Fig. 3).
In order to identify those variables that independently
predict in-hospital mortality, we performed multivariate
logistic regression using only parameters available preoper-
atively. These included age, $2 coronary risk factors, history
of MI (defined as history of MI or Q-waves on ECG) and
whether coronary angiography had been defined. This
analysis indicated that the only predictor of in-hospital
mortality was a history of MI (relative risk [RR]: 4.98 95%
confidence interval: 1.48 to 16.75, p 5 0.009). There was no
interaction between a history of MI and coronary angiog-
raphy status. We further analyzed those patients with a
history of MI to determine if they had an increased rate of
CABG at the time of emergency surgery and if coronary
angiography on the day of emergency surgery affected the
CABG rate. The data in Table 5 reveal that, regardless of
history, most patients underwent CABG due to dissection.
In fact, of the 13 patients with a history of MI, only one
patient had CABG for CAD.
To determine whether some patients had unknown
coronary disease at the time of the emergency repair of the
aorta, which should have been surgically revascularized, we
Table 2. Demographics and Clinical Characteristics of Patients Included in the Study Based on
Coronary Angiography Status
Coronary Angiography Status
p Value*Yes (41) No (n 5 81)
Demographics
Age 59.7 6 15.3 56.4 6 15.0 0.25
Male (%, [n]) 73 (30) 67 (54)
Cardiac Risk Factor Profile (%, [n])
Hypertension 71 (29) 58 (47) 0.24
Diabetes 0 (0) 6 (5) 0.17
Smoking 44 (18) 38 (31) 0.10
Family history early CAD 10 (4) 7 (6)
Hypercholesterolemia 2 (1) 6 (5)
History of MI (%, [n])
History of MI 12 (5) 10 (8)
Q-waves on ECG 10 (4) 4 (3) 0.22
*p Value listed if #0.3.
CAD 5 coronary artery disease; ECG 5 electrocardiogram; MI 5 myocardial infarction.
Table 3. Demographics and Clinical Characteristics of Patients Included in the Study Based on
In-Hospital Mortality
In-Hospital Death
p Value*N (n 5 100) Y (n 5 22)
Demographics
Age 56.6 6 15.3 61.5 6 13.8 0.17
Male (%) 66 (66) 82 (18)
Cardiac Risk Factor Profile (%, [n])
Hypertension 64 (64) 55 (12)
Diabetes 3 (3) 9 (2) 0.22
Smoking 41 (41) 36 (8)
Family history of early CAD 7 (7) 14 (3)
Hypercholesterolemia 6 (6) 0 (0)
History of MI (%, [n])
History of MI 7 (7) 27 (6) 0.013
Q-waves on ECG 4 (4) 14 (3) 0.11
*p Value listed if #0.3.
CAD 5 coronary artery disease; ECG 5 electrocardiogram; MI 5 myocardial infarction.
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queried the database to determine how many patients have
had CABG since their emergency surgery. To date, only
one patient had subsequent CABG at our institution,
approximately six years after emergency aortic surgery. This
patient did not have coronary angiography before emer-
gency surgery and did not have CABG at the time of
emergency surgery.
Multiple modalities including transesophageal echocardi-
ography, magnetic resonance imaging and computed to-
mography scans have become increasingly available over the
past 15 years for the diagnosis of life-threatening patholo-
gies of the aorta. We wanted to determine how access to
these technologies has affected our preoperative coronary
angiography rate in the management of these patients over
time. We, therefore, divided our patient population into
quintiles (n 5 25, 25, 24, 24, 24) spanning the interval
between 1982 and 1997 (Fig. 4A). There was a statistically
significant trend towards the decreased use of coronary
angiography preoperatively in these patients (first quintile:
60% vs. fifth quintile: 0%). There was no concomitant
change in in-hospital mortality rates over this period of time
(Fig. 4B), but the small number of events precluded ade-
quate statistical analysis.
DISCUSSION
The risks and benefits of coronary angiography in the
setting of acute life-threatening aortic pathology remain
controversial. Ehrlich et al. (9) recently studied 14 preop-
erative risk factors that could be associated with 30-day
mortality in patients undergoing surgical repair of type A
aortic dissection. In their study of 109 patients, they found
that increased age, renal failure, preoperative hemodynamic
instability, preoperative cardiac resuscitation and lack of
retrograde cerebral perfusion predicted increased 30-day
mortality. Importantly, none of these patients underwent
coronary angiography before surgery; however, the most
common cause of perioperative death was cardiac failure (10
of 30 deaths, overall study mortality: 30%). We undertook
this study to determine whether defining coronary anatomy
before emergency surgical repair of the aorta had any effect
on in-hospital mortality in a large cohort of patients
operated on at one tertiary institution. Importantly, this
Table 4. Subgroup Analysis of In-Hospital Mortality Based on
Coronary Angiography Status
Mortality (%)
Subgroup
Coronary
Angiography
Status
p ValueYes No
.2 Risk factors for CAD* (n 5 41) 27 15 0.43
History of MI† (n 5 13) 20 63 0.27
*Risk factors include diabetes, hypertension, family history of CAD, hypercholester-
olemia and smoking; †MI by ECG or history.
CAD 5 coronary artery disease; ECG 5 electrocardiogram; MI 5 myocardial
infarction.
Figure 1. Relationship of coronary angiography status and in-
hospital mortality in patients undergoing emergency repair of the
thoracic aorta. Angiography Yes (n 5 41) vs. No (n 5 81), p 5
0.46.
Figure 2. In-hospital mortality based on whether patients under-
went CABG at time of emergency repair of aorta with or without
preoperative coronary angiography. No CABG (n 5 85), p 5
0.386; CABG (n 5 27), p 5 1.0. CABG 5 coronary artery bypass
graft.
Figure 3. Effect of coronary angiography status on frequency of
CABG during emergency repair of the aorta. Frequency of CABG
due to CAD (open bars) or dissection (filled bars) in patients who
had coronary angiography—Yes (n 5 41) vs. No (n 5 81, p 5
0.005). CABG 5 coronary artery bypass graft; CAD 5 coronary
artery disease.
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study does not include those patients who died before
surgical intervention, who may or may not have been
waiting for coronary angiography.
We set stringent inclusion criteria for this retrospective
study in order to minimize confounding variables. For this
reason, we did not include patients with prior open heart
surgery, prior coronary revascularization, either surgical or
percutaneous, or prior coronary angiography performed
before the onset of symptoms leading to the index emer-
gency surgery. A recent study from our institution by
Gillinov et al. (10) investigated the management of patients
with prior open heart surgery and type A dissection. This
study concludes that this subset of patients with a type A
dissection infrequently have tamponade or hemodynamic
collapse. Therefore, they recommend the use of coronary
angiography in the preoperative management of these pa-
tients with preexisting CAD.
Among the 122 patients meeting our criteria, overall
in-hospital mortality was not affected by whether coronary
angiography was done preoperatively. Furthermore, univar-
iate analysis revealed that there was no effect of coronary
angiography status on mortality within subgroups of pa-
tients with unfavorable coronary risk factor profiles. There
was an interesting, but statistically insignificant, trend to-
wards increased survival in those patients with a history of
MI who were studied with coronary angiography before
emergency surgery.
Multivariate analysis, using a model consisting of data
that would be available preoperatively (age, coronary risk
factor profile, history of MI, coronary angiography status)
also showed no significant relation between coronary an-
giography status and in-hospital mortality in this cohort.
The only variable that predicted in-hospital mortality was a
history of MI (RR: 4.98). To further understand the
potential role a history of MI had on in-hospital mortality,
we analyzed the effects of CABG and the indication of
CABG in patients with or without a history of MI. Overall,
concomitant CABG at the time of emergent aortic surgery
had no significant effect on in-hospital mortality (p 5 0.41).
Furthermore, defining coronary anatomy before surgical
intervention had no effect on overall CABG rate (Fig. 2).
This observation is likely due to our finding that 74% of
CABG performed at the time of surgical repair of the aorta
is due to dissection of the coronary ostea and not to CAD.
Our study represents the largest attempt to date to
evaluate the role of coronary angiography before emergency
surgical repair of the aorta. Kern et al. (8) studied 54
patients undergoing urgent repair of the thoracic aorta with
type A or B dissections or aneurysms. They reported an
overall mortality of 24% with no statistically significant
survival benefit with preoperative coronary angiography.
The authors did, however, find a trend toward a survival
benefit in patients who had preoperative coronary angiog-
raphy with a type A dissection and a clinical history
Table 5. Indications for CABG in Patients With or Without a History of MI
History of MI
Coronary Angiography
Status
Indication for CABG (%) Mortality (%)
Dissection CAD Noncardiac Cardiac Aortic
No (n 5 109)
No (n 5 73) 19 3 6 3 3
Yes (n 5 36) 6 11 22 0 0
Yes (n 5 13)
No (n 5 8) 50 0 13 25 25
Yes (n 5 5) 0 20 0 20 0
Figure 4. (A) Frequency of patients having coronary angiography
before emergency repair of the aorta and (B) in-hospital mortality
over time. Patients were divided into quintiles (n 5 25, 25, 24, 24,
24) with the first quintile (1) including the first patient in 1982 and
the fifth quintile (5) including the last patient in 1997. (A) These
data demonstrate a statistically significant trend towards the
decreased use of coronary angiography at our institution in the
preoperative management of patients with life threatening pathol-
ogy of the aorta (p , 0.001). Due to sample size limitations, a
similar analysis could not be made with the data in (B).
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suggestive of CAD. Our study, with its significantly larger
population, supports and refines these findings by demon-
strating a statistically nonsignificant trend towards improved
outcome in patients with a documented history of MI who
had coronary angiography preoperatively. The potential
implications of this trend, however, have to be tempered by
our findings outlined in Table 5 that: A) only 5 of 13
patients with a history of MI had concomitant CABG, B)
the majority of CABG in patients with a history of MI were
performed due to coronary dissection (n 5 4) and not CAD
(n 5 1), C) only one patient of the five with a history of MI
who received coronary angiography preoperatively had
CABG, and D) there was no significant difference in cardiac
mortality between those patients with a history of MI who
did nor did not have coronary angiography (Yes: 25%, n 5
2 vs. No: 20%, n 5 1).
Rizzo et al. (1) in a study of 37 patients presenting with
acute dissection of the ascending aorta demonstrated less
preoperative and operative mortality in those patients who,
once diagnosed with an ascending aortic dissection, pro-
ceeded directly to surgical repair without coronary angiog-
raphy. This study, unlike ours, included those patients who
died during the time from diagnosis through coronary
angiography and presentation to the operating room, which
may explain why we did not observe a mortality benefit in
those patients who did not have recent coronary angiogra-
phy.
Study limitations. There were limitations to our study.
We did not obtain data on left ventricular systolic function,
which is known to impact survival in patients with CAD
and may have a role in the increased mortality of patients
with a history of MI. Also, while this study is the largest to
date, the strength of statistical analysis is limited by a
relatively small patient population (122), 13 of whom had a
history of MI. That only 10% of our population had a
history of MI is due to the fact that our inclusion criteria, in
an attempt to limit confounding variables, required patients
not to have had coronary angiography or coronary revascu-
larization before the onset of symptoms.
Importantly, there undoubtedly existed a selection bias in
choosing those patients who underwent coronary angiogra-
phy before surgical repair. It is likely that only those patients
who were relatively clinically stable were chosen for preop-
erative coronary angiography. This hypothesis is supported
by our observation that none of the patients who underwent
coronary angiography died due to complications of their
aortic disease (Table 5). This selection bias makes our
results all the more interesting since we did not observe a
survival benefit in these patients. Thus, one could speculate
that when a patient is diagnosed with life-threatening
pathology of the aorta and “appears” clinically stable, emer-
gency surgery should be immediately undertaken, since any
delay may result in a worse outcome.
Conclusions. We concluded from this relatively large ret-
rospective study that coronary angiography before the emer-
gency repair of thoracic aortic dissection or rupture was not
associated with improved in-hospital survival in patients
without a documented history of CAD and, thus, should
not be considered mandatory. In patients with a prior MI,
individualized assessment of the need for preoperative
coronary angiography should be undertaken. Concomitant
CABG, when performed, is not associated with improved
survival; furthermore, late revascularization for unidentified
CAD at the time of aortic surgery is very rare.
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